The purpose of this study was to determine whether behavioral impulsivity under multiple conditions (baseline, after alcohol consumption, or after serotonin depletion) predicted naturalistic alcohol use or treatment outcomes from a moderation-based contingency management (CM) intervention.
The current data analysis pulls information from 3 phases of a large study: (1) phase 1 examined baseline and the effects of alcohol use and serotonin depletion on 3 types of behavioral impulsivity: response initiation (IMT task), response inhibition (GoStop task), and delay discounting (SKIP task); (2) phase 2 involved 28 days of naturalistic drinking; and (3) phase 3 involved 3 months of CM. During phases 2 and 3 alcohol use was measured objectively using transdermal alcohol monitors. The results of each individual phase has been previously published showing that at a group level the effects of alcohol consumption on impulsivity were dependent on the component of impulsivity being measured and the dose of alcohol consumed but serotonin depletion had no effect on impulsivity, and that a moderationbased CM intervention reduced heavy drinking.
Results:
The current analysis combining data from those who completed all 3 phases (n = 67) showed that impulsivity measured at baseline, after alcohol consumption, or after serotonin depletion did not predict naturalistic drinking or treatment outcomes from a moderation-based CM treatment.
Conclusions:
CM interventions may prove to be an effective intervention for impulsive individuals; however, normal variations in measured impulsivity do not seem to relate to normal variations in drinking pattern or response to moderation-based CM.
Key Words: impulsivity, contingency management, alcohol, treatment outcomes, transdermal alcohol monitoring (Addict Disord Their Treatment 2016; 15:120-128) I mpulsivity is considered a risk factor for both the initiation of alcohol use and the development of alcohol use disorders, 1,2 with more impulsive individuals more likely to develop more severe alcohol use problems. 2, 3 Research, although limited in number, has also shown that individuals with lower levels of impulsivity are more likely to have better alcohol-use treatment outcomes compared with highly impulsive individuals. 4, 5 These studies, however, have typically involved abstinence-based treatment programs focused on relapse to alcohol use among dependent individuals. 4, 5 Moderationbased treatment programs, however, have the additional challenge that acute alcohol consumption may exacerbate impulsivity leading to greater alcohol use during a drinking episode. For instance, many studies show increased impulsivity following alcohol administration, [6] [7] [8] [9] [10] which is thought to potentially result from lower serotonergic function in vulnerable individuals. 11 Indeed, several studies have shown increased impulsivity after reduced serotonin synthesis, [12] [13] [14] and that acute alcohol consumption can exacerbate this effect. 15 Thus, those trying to moderate their drinking might fail to achieve their goal because alcohol consumption leads to increased impulsivity (ie, increased impairment of inhibitory control), which in turn may lead to continued alcohol consumption during the drinking episode. Taken together, impulsivity may have important clinical implications, therefore targeting impulsive decision-making through pharmacological approaches (ie, targeting low serotonin function) or by optimizing behavioral therapies to suit highly impulsive individuals may enhance treatment success.
Contingency management (CM) may be a promising behavioral therapy for alcohol use. CM interventions are based on the principle that alcohol and drug use are sensitive to systematically applied reinforcement. 16 Typically, individuals earn incentives when objectively verified [ie, urinary analysis or transdermal alcohol concentrations (TAC)] treatment goals of abstinence or moderation of substance use are achieved. [16] [17] [18] Compared with other behavioral interventions, CM has been shown to be particularly effective for reducing substance (cocaine) use in highly impulsive individuals such as those with antisocial personality disorder. 19 CM may therefore be an optimal treatment for highly impulsive individuals as it may counteract impulsive decision-making in favor of substance use or continued use by offering immediate rewards for behaviors resulting in abstinence or reduced use. Although CM treatments have been shown to be efficacious in reducing substance use and improving abstinence rates for a variety of substances in both abstinence and moderation-based programs, 17, [20] [21] [22] [23] the relationship between impulsivity and CM treatment outcomes remains unclear.
The current study, by combining data from a large multiphase project, aims to examine whether impulsivity predicts naturalistic drinking as well as treatment outcomes from a moderationbased CM intervention. We previously reported group-based analyses from this project showing that the effects of alcohol consumption on impulsivity are dependent on the component of impulsivity being measured and the dose of alcohol consumed. 24 Although we found that impulsivity was not changed after low levels of alcohol consumption or serotonin depletion, 24 this does not preclude changes at the individual level, which may relate to individual responses to CM. We also reported that a 12-week moderation-based CM intervention reduced heavy drinking among at-risk drinkers. 17, 21 The current study extends these findings by combining data from the initial phase wherein impulsivity was measured by multiple tasks under multiple conditions (ie, at baseline, after alcohol consumption, and after tryptophan depletion) and later phases that involved 28 days of naturalistic drinking and 12 weeks of moderation-based CM, to evaluate the ability of impulsivity to predict objectivley measured naturalistic drinking and treatment outcomes.
MATERIALS AND METHODS

Study Design
The current data analysis pulls information from all 3 phases of a large study that was divided into 3 phases: (1) phase 1 involved 5 days of behavioral impulsivity testing; (2) phase 2 involved 28 days of naturalistic drinking; and (3) phase 3 involved 12 weeks of CM. See Figure 1 for a schematic of this design. We previously reported the laboratory results of phase 1, 24 and the drinking results from phases 2 and 3. 17, 21 The current analysis extends these findings by combining all 3 phases to determine whether the behavioral impulsivity testing in phase 1 was predictive of either naturalistic drinking observed in phase 2 or the CM outcomes observed in phase 3.
Subjects and Criteria
Subjects (n = 67) were nontreatment seeking heavy drinkers recruited from the San Antonio area using television, radio, online, and print advertisements. Potentially eligible participants, identified through a brief phone screen, were invited to the laboratory for additional screening that included: an alcohol consumption history (Alcohol Use Questionnaire), 25 a 28-day alcohol Timeline Followback interview (TLFB), 26 psychiatric screening (Structured Clinical Interview for DSM-IV-TR Axis I Disorders: Research Version, Non-Patient Edition), 27 intelligence screening, 28 urine-drug screen, pregnancy test, and a medical history and physical examination. Participants who self-reported patterns of drinking that met or exceeded ''at-risk'' drinking criteria 29 (ie, >3 drinks for women or >4 drinks for men on at least 3 occasions in the 28 d before the laboratory screening interview) were considered eligible for all 3 phases. Participants were considered ineligible for the following reasons: (1) drinking less than once per week; (2) smoking >1 pack of cigarettes per day; (3) having a current DSM-IV-TR Axis I psychiatric diagnosis; (4) an IQ<70; (5) a positive urinalysis for cocaine, opiates, methamphetamines, barbiturates, benzodiazepines, or THC; (6) pregnancy; (7) a medical condition that would be contraindicated for alcohol consumption; or (8) body mass index >30. Participants received $70 for completing the screening visit. Written informed consent was obtained from all individuals, and the Institutional Review Board at The University of Texas Health Science Center at San Antonio reviewed and approved the experimental protocols.
Procedure
Phase 1: Behavioral Impulsivity Testing
As described previously, 24 phase 1 was a randomized, double-blind, placebo-controlled crossover design. Participants were required to complete 1 baseline performance day followed by 4 nonconsecutive experimental days of testing, over which 4 different experimental conditions were counterbalanced across participants: (1) tryptophan depletion followed by alcohol; (2) tryptophan depletion followed by placebo; (3) tryptophan-balanced control followed by alcohol; and (4) tryptophan-balanced control followed by placebo. On each day of testing, participants completed a baseline behavioral impulsivity testing session (session 1). Participants were then given an amino-acid drink (tryptophan depletion or balanced control) and allowed 20 minutes to consume it. Using a multiple-dosing procedure, participants received an alcohol/placebo beverage at 5, 6, and 7 hours after consumption of the amino-acid drink to simulate an alcohol binge. 30 Ten minutes after each alcohol/ placebo beverage was consumed, participants completed a behavioral impulsivity testing session. Participants received up to $85 per visit for successfully completing each visit.
Behavioral Impulsivity Testing Sessions
Each behavioral impulsivity testing session included 3 different tasks, all of which were completed at each of the 5 days of behavioral impulsivity testing sessions. As previously reported, performance across the multiple testing sessions was stable for each of the different tasks. 24 Immediate Memory Task (IMT). IMT uses responses to target and nontarget 5-digit numbers, to measure ''response initiation.'' 31 The 2 variables of interest were: (1) correct detections, correctly responding to a target stimulus; and (2) commission errors, responding to a catch stimulus (a 5-digit number that differs from the target stimulus by 1 digit). The primary dependent measure for this task was the IMT ratio (the proportion of commission errors to correct detections); higher ratios indicate greater response initiation impulsivity.
GoStop Impulsivity Paradigm (GoStop). The GoStop uses target and nontarget 5-digit stimuli and color cues to measure response inhibition impulsivity. 32 The primary dependent measure for this task was the GoStop Ratio relative to Go responses (correct response to a target stimulus when a go cue only was delivered)]; higher ratios indicate greater response inhibition impulsivity.
Single Key Impulsivity Paradigm (SKIP). The SKIP, a measure of consequence sensitivity, consists of a 20-minute period in which participants are free to respond as often as desired by clicking a computer mouse to accumulate points. 33 The magnitude of the reward is related to the length of delay between 2 consecutive responses whereby the longer the delay the greater the reward. The primary dependent measure for this task was the longest latency (seconds) between 2 consecutive responses during the entire session.
Phase 2: Naturalistic Drinking
Following the completion of phase 1, participants entered phase 2. During the 4 weeks of the naturalistic drinking phase, participants wore continuously a Secure Continuous Remote Alcohol Monitor (SCRAM, Alcohol Monitoring Systems Inc.
[AMS], Highlands Ranch, CO), which measures TAC. Participants were required to attend the laboratory each week for approximately 30 minutes to transfer the TAC data from the SCRAM monitor and provide a self-report of alcohol consumption for the previous 7-day period using the TLFB. 26 During this phase participants were asked to drink alcohol as normal (ie, no restrictions were placed upon alcohol consumption).
Phase 3: CM
Following the completion of phase 2, participants continued into phase 3, wherein they were required to continue to wear the SCRAM for a further 12 consecutive weeks and attend weekly clinic visits for TAC data downloads and self-reports of drinking using TLFB methods as described for phase 2. In contrast to phase 2, however, participants were informed that they would be paid an additional weekly bonus of $50 for each week that they did not exceed a contingency criteria set to prevent heavy drinking. Those criteria required that on no day did we observe 3 or more TAC readings above 0.03 g/dL as confirmed by Alcohol Monitoring Systems. This criterion equates to TAC readings resulting from heavy drinking episodes. 34 
Data Analysis
Demographic characteristics (age, BMI) and alcohol use characteristics for the 28 days before study entry (average number of drinks per drinking day and number of at-risk drinking days) were compared between men and women using independent sample t tests. These statistical tests were conducted at a 2sided significance level of 0.05.
A series of linear regression analyses were used to test the ability of phase 1 laboratory measures of impulsivity to predict alcohol use measured in phases 2 and 3. Separate linear models were used to test each of the 3 types of impulsivity (ie, IMT ratio for response initiation, GoStop ratio for response inhibition, and SKIP longest latency for consequence sensitivity). Each of these types of impulsivity were examined under each of the 3 different contexts (ie, at baseline, following alcohol consumption, and following tryptophan depletion). For these analyses baseline impulsivity score was defined as the average of the scores of interest at session 1 (predrink session) across all 4 experimental laboratory days. Impulsivity following alcohol consumption was defined as the peak change from baseline expressed as a difference between alcohol and the placebo control condition. Impulsivity scores following tryptophan depletion were defined as the peak changes from baseline expressed as a difference between depletion and nondepletion control conditions. Separate linear regression models were analyzed for each of the 4 alcohol use variables: percent days of any drinking in phase 2; percent days of heavy drinking in phase 2; change in percent days of any drinking from phase 2 to phase 3; change in percent days of heavy drinking from phase 2 to phase 3. Note that alcohol use variables were based solely on objectively observed TAC data, not self-report. All linear regressions were tested with and without adjusting for sex as a covariate. Because sex was not significant in any analyses, the results reported herein were all unadjusted for sex. Bonferroni corrections were applied to account for multiple comparisons. All analyses were performed using Stata/SE (Version 13, College Station, TX). Participants showed a wide range of drinking, with the number of at-risk drinking days in the 28 days before study entry ranging from 3 to 25 days; however, there was no difference in the number of days between men and women (M = 8.63, SD = 3.96 and M = 9.88, SD = 5.70, respectively). There was a trend indicating that men (M = 8.31, SD = 3.32 drinks) drank more drinks per drinking day compared with women (M = 6.65, SD = 3.01), t 1,65 = -2.04, P = 0.05. Table 1 shows descriptive statistics for each of the impulsivity measures (IMT, GoStop, and SKIP) measured at baseline, under acute alcohol consumption, and under tryptophan depletion as well as the observed drinking behavior (the percent of any days drinking and the percent of heavy days drinking) during phase 2 and the change in drinking behavior between phases 2 and 3 (the change in percent days of any drinking and the change in percent days of heavy drinking).
RESULTS
Participant Characteristics
Impulsivity as a Predictor of Alcohol Use
Naturalistic Drinking
IMT ratio scores, GoStop ratio scores, and SKIP latency at baseline, under alcohol consumption, or under tryptophan depletion did not significantly predict the percent days of drinking or the percent of heavy drinking days during phase 2 ( Table 2) .
CM Treatment Outcomes
Although the results indicated that GoStop ratio scores under alcohol consumption predicted the change in the percent of days in which alcohol was consumed between phase 2 and phase 3, this was no longer significant after correcting for multiple comparisons. The analysis showed that IMT ratio scores, GoStop ratio scores, and SKIP latency at baseline, under alcohol consumption, or under tryptophan depletion did not significantly predict the change in percent days of drinking or Note: Baseline refers to the average of the scores of interest at session 1 (predrink session) across all 4 experimental laboratory days. Alcohol and tryptophan depletion refers to the peak change from baseline expressed as a difference between the experimental condition (alcohol or tryptophan depletion) and the corresponding placebo control condition.
GoStop indicates GoStop Impulsivity Paradigm; IMT, Immediate Memory Task; SKIP, Single Key Impulsivity Paradigm. the percent of heavy drinking days between phases 2 and 3 ( Table 3) .
DISCUSSION
We had hypothesized that impulsivity measured in the laboratory might predict naturalistic drinking or treatment outcomes from our moderation-based CM intervention. We examined multiple components of impulsivity (response initiation, response inhibition, and consequence sensitivity), under different contexts (baseline, after alcohol consumption, and after tryptophan depletion). The results demonstrated that impulsivity at baseline, after alcohol consumption, or after tryptophan depletion did not predict either naturalistic drinking or treatment outcomes from a moderation-based CM treatment. Such findings were clear despite considerable variation in impulsive responding; demonstrated alcohol-induced increases in impulsivity; a wide range of drinkers; and objective measurements of alcohol use (ie, TAC).
These findings, however, are inconsistent with the limited number of studies that have been conducted, which have typically shown that more impulsive individuals are more likely to have poorer alcohol-use treatment outcomes compared with less impulsive individuals, 4,5 but there are several possible explanations. The first is that existing research primarily relied on self-report personality measures to assess impulsivity, yet in the current study we assessed behavioral implusivity and did so under different contexts. Previous research shows that personality measures and Note: Baseline refers to the average of the scores of interest at session 1 (predrink session) across all 4 experimental laboratory days. Alcohol and tryptophan depletion refers to the peak change from baseline expressed as a difference between the experimental condition (alcohol or tryptophan depletion) and the corresponding placebo control condition.
GoStop indicates GoStop Impulsivity Paradigm; IMT, Immediate Memory Task; SKIP, Single Key Impulsivity Paradigm. behavioral measures are not always correlated. 35 Indeed, a recent meta-analysis suggested that self-report personality measures of impulsivity and behavioral measures of impuslivity accounted for only a small amount of variance for similar underlying constructs, 36 and so they may be measuring conceptually different factors. In addition, given the multifaceted nature of impulsivity 37 and the many different approaches to impulsivity assessment, it is possible that other components of behavioral impulsivity, which were not assessed in the current study such as delay discounting or waiting impulsivity, or different assessments of similar constructs may predict CM treatment outcomes.
Furthermore, previous research examined whether impulsivity predicted treatment outcomes in samples of adults with alcohol use disorders 4,5 ; but few in the current study met clinical diagnostic criteria for an alcohol use disorder. Despite having adults with a range of drinking patterns and considerable variability with regard to impulsivity scores, it is possible that impulsivity may only be a predictor of alcohol use treatment outcomes among clinical populations. Indeed, both higher self-report and behavioral impulsivity is typically associated with more severe alcohol problems and alcohol use disorders. 2, 3 To our knowledge this is the first study to examine impulsivity as a predictor of treatment outcomes with regard to CM as the mode of treatment. Therefore, it is possible that the effects of impulsivity on alcohol use treatment success are potentially dependent on Baseline 0.00 0.00 0.18 -0.00 to 0.00 0.67 Alcohol -0.00 0.00 0.62 -0.00 to 0.00 0.43 Tryptophan depletion -0.00 0.00 0.10 -0.00 to 0.00 0.75
Note: Baseline refers to the average of the scores of interest at session 1 (predrink session) across all 4 experimental laboratory days. Alcohol and tryptophan depletion refers to the peak change from baseline expressed as a difference between the experimental condition (alcohol or tryptophan depletion) and the corresponding placebo control condition.
GoStop indicates GoStop Impulsivity Paradigm; IMT, Immediate Memory Task; SKIP, Single Key Impulsivity Paradigm. the mode of treatment, and so CM may prove to be the preferred intervention for highly impulsive individuals. Indeed, as highlighted previously, CM compared with other behavioral interventions has been shown to effectively reduce cocaine use in highly impulsive individuals such as those with antisocial personality disorder. 19 The results of the present study, however, also showed that the multiple components of behavioral impulsivity measured under different contexts failed to predict naturalistic alcohol consumption among heavy drinkers, suggesting that impulsivity, as measured in the current study, would therefore be unlikely to influence treatment outcome irrespective of the mode of treatment, at least in such samples.
The finding that impulsivity did not predict either naturalistic drinking or CM treatment outcomes could be positive as it means that other factors, which are potentially more malleable to change (ie, self-efficacy), could be leveraged to improve CM treatment success. Research examining the extent to which impulsivity may predict treatment success and therefore be utilized to improve treatment outcomes is still in the early stages, and more research is required before more definitive conclusions can be drawn. Future research should look to concurrently examine multiple components of impuslvity using both self-report personality measures and behavioral measures of impulsivity, as well as incorporating components not measured in the current study. In addition, such research should be conducted in both clinical and nonclinical samples.
